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(54) Circuit for the compression of the dynamic range of a signal 



Iceeps the peak-to-average-power ratio of the input sig- 
nal below a predetermined value, ts generated from the 
input signal. The compressing signal is^mbined by a 
power combiner with the input signal having passed 
through the linear signal transfer path. 
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(57) In an input signal power dynamic range com- 
pressing circuit, an input signal is distributed by a direc- 
tional coupler to a linear signal transfer path and a com- 
pressing signal generating path, and in the compressing 
signal generating path a compressing signal, which 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a circuit for 
compressing the dynamic range of the power of input 
signals to a transmitting signal amplifier and a receiving 
amplifier, and a power amplifying circuit using the dy- 
namic range compressing circuit. 
[0002] Recently multi-carrier radio communication 
schemes are widespread which permit high-speed 
transmission possible the use of plural narrow-band car- 
riers. As compared with a single-carrier high-speed 
transmission, the multi-carrier high-speed transmission 
is less susceptible to fading or some other influences of 
changes in the propagation path, and hence is more ro- 
bust against delay waves. Furthermore, the multi-carrfer 
system possesses the advantages of simplifying radio 
circuitry and relaxing the requirements imposed on the 
radio circuit used. 

[0003] The multi-carrier radio communication 
schemes, thus suitable for the high-speed transmission, 
have been practiced in fixed microwave communication 
systems and multi-channel access systems. 
[0004] In recent years there has been proposed an 
OFDM (Orthogonal Frequency Division Multiplexing) ra- 
dio communication scheme intended for high-speed 
transmission in the microwave band such as 5-GHz 
band on IEEE802.11 . In the field of broadcasting the ap- 
plication of the OFDM system to the next-generation 
digital television is now under study. 
[0005] These multi-canier radio communication 
schemes contain various features, but have such prob- 
lems as an increase in out-of-band leakage power due 
to intermodulation distortion and the occurrence of in- 
tersymbol interference by nonlinearlty of transmitters. 
The Intemiodulation distortion on transmitters occurs, 
for example, in a frequency converter or power amplifier, 
in particular, the Influence of the nonlinearity of the pow- 
er amplifier Is great. In general, simultaneous amplifica- 
tion of multi-carrier will generate the intermodulation dis- 
tortion if no output back-off is provided corresponding to 
PAPR (Peak-to-Average Power Ratio). Accordingly, the 
power amplifier for the multi-carrier transmission needs 
to be sufficiently high saturation output. Usually, the 
power amplifier becomes bulky and expensive with an 
increase in the saturation output because it involves an 
Increase of the power supply and upsizing of radiation 
fins. 

[0006] Heretofore, 4-carrier 16-OAM and 4-carrier 
256-QAM systems have been put into use in the fixed 
microwave communication. The power amplifier in 
these systems combines Individually amplified signals 
by a signal multiplexer having a quarter-wave line. The 
individual amplification of plural can-iers is intended to 
avoid the problem of increased PAPR resulting from the 
multiplexing of the plural canriers. 
[0007] Schemes that have been proposed so far to 
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suppress PAPR in the multi-carrier transmission are: a 
scheme for setting initial phases of carriers (Shofchi NA- 
RAHASHI and Toshk) fsJOJIMA, "A New Phasing 
Scheme for Multltone Signal systems to Reduce Peak- 
5 to-Average-Power Ratio (PAPR)," The Institute of €lec- 
tronics, Infomriatlon and Communication Engineers 
Transaction on B-ll, Vol.J78-B-ll, No. 11, pp.663-671, 
Nov., 1956); a scheme using a specific signal pattern 
that produces no peak (U.S. Patent No. 6,381,449, 
10 "Peak-to-average-power ratio reduction methodology 
for QAM communfcations system); a scheme using an 
error correcting code (T.A. Wilkinson and A.E. Jones. 
"Minimisation of the peak to mean envelope power ratio 
of multlcarrier transmission schemes by block coding," 
IS in Proc. 45th IEEE Vechi. Technol. Conf., pp.82S-829, 
1995); a scheme of multiplexing peak power suppress- 
ing signals (Shigeru TOMOSATO and HIroshI SUZUKI, 
"A Smooth Envelope Parallel Modulation/Demodulation 
Scheme," Technteal Report of l€ICE, RCS 96-77, Sept., 
20 1 995) ; and a scheme using orthonormal transformation 
(Japanese Patent Application LaidOpen Gazette No. 
10-178411, corresponding U.S. Patent Appitoatlon Se- 
rial No. 08/948,090). In particular, there are known, as 
PAPR suppression schemes for OFDM, a scheme of 
25 clipping a multiplexed signal wavefomri (X. Li and L.J. 
CimnI, Jr., "Effects of Clipping and Filtering on the Per- 
fomiance of OFDM," in Proc., 47lh IE€E Vechi. Technol. 
Conf.. pp.1 634-1638, 1997) and a scheme of effecting 
transmitting output control according to peak power 
30 (Yoichi MATSUMOTO, Nobuaki MOCHI2UKI and Ma- 
sahlro UMEHIRA, "A Novel Peak Power Reduction 
Technique for Broadband MiciroceitularOFDM systems, 
"Technfcal Report of lEICE, RCS 97-143, C^., 1997). 
[0008] The requirement for PAPR reduction in the 
35 multi-carrier radto communication Is to prevent degra- 
dation of transmission performance without increasing 
the out-of-band power leakage. In temis of this require- 
ment, the clipping of a multiplexed signal waveform 
causes an increase in the out-of-band power leakage. 
^o The control of the transmitting output according to peak 
power encounters diffk^utty in maintainingchannel qual- 
ity. The initial phase setting scheme is difficult to apply 
to a modulated wave of ever-changing phase. The utili- 
zation of orthonormal transformation Is defective in that 
^5 phase fluctuations of canlers degrade the inter-carrier 
orthogonality, resulting in the development of peak pow- 
er. The use of an error correcting code and the multi- 
plexing of peak power suppressing signals both involve 
enlargement of the transmission band. Thus, the con- 
50 ventional PAPR reductton schemes have such problems 
as the enlargennent of the transmission band, difficulty 
in the application to modulated waves, an increase In 
the out-of-band distortion and difficulty in maintaining 
channel quality. 
55 [0009] And, peak power reduction schemes applk:a- 
ble to modulated waves all involve signal processing of 
suppressing the peak power at the transmitting skie and 
signal processing of reconstructing the received signal 



2 



3 EP1 113637 A2 



o 

4 



ciency of a power amplifier embodying tlie present 
invention; 

Fig. 7 is a block diagram illustrating a second em- 
bodiment of the present invention; 

5 Fig. 8 is a block diagram illustrating a third embod- 
iment of the present invention; 
Fig. 9 is a block diagram illustrating a fourth ennbod- 
Iment of the present invention; 
Fig. 1 0 is a block diagram illustrating a fifth embod- 

10 iment of the present invention; 

Fig. 11 is a block diagram illustrating a sixth embod- 
iment of the present invention; 
Fig. 1 2 is a graph showing the spectrum of the input 
to the arnplifier when aCDMA signal is injected, as 

IS a connpressing signal, into the same band as that 
of the input; 

Fig. 1 3 Is a graph showing the spectrum of the out- 
put from the amplifier when the COMA signal is in- 
jected into the same band as that of the input; 
^o Fig. 1 4 is a graph showing the spectrum of the input 
to the amplifier when a carrier signal is injected, as 
a compressing signal, into the same band as that 
of the input signal; 

Fig. 15 is a graph showing the spectrum of the out- 
2s put from the amplifier when the carrier signal is in- 
jected into the sanr^ band as that of the input signal; 
Fig. 1 6 is a graph showing the spectrum of the input 
to the amplifier when the carrier signal is injected, 
as a compressing signal, into a band different from 
30 that of the input signal; 

Fig. 1 7 is a graph showing the spectrum of the out- 
put from the amplifier when the carrier signal is in- 
jected into a band different from that of the input sig- 
nal; 

35 Fig. 1 8 is a block diagram illustrating a seventh em- 
bodiment of the present invention; 
Fig. 19 is a block diagram illustrating an eighth em- 
bodiment of the present invention; 
Fig. 20 is a block diagram illustrating a ninth em- 

40 bodiment of the present invention; 

Fig. 21 is a block diagram illustrating a tenth em- 
bodiment of the present invention; 
Fig. ^2 is a block diagram illustrating an eleventh 
embodiment of the present invention; 
Fig. 23 Is a block diagram illustrating a twelfth em- 
bodiment of the present Invention; and 
Fig. 24 is a block diagram illustrating a thirteenth 
embodiment of the present invention. 

so DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



at the receiving side. To allow ease in the fabrication of 
a peak power suppressing circuit and achieve high-ef- 
ficiency amplification that permits reduction in the size, 
weight and power consumption of the power amplifier, 
it is desirable to use a peak power suppression scheme 
that can be carried out within only the transmitting side 
as much as possible. In this respect, the initial phase 
setting scheme and a scheme using a PAPR reduction 
signal point are effective, but the fomner is difficult to ap- 
ply to modulated waves and the latter is limited in the 
application to transmitting signal sequences. 

SUMMARY OFTHEINVENTION 

[001 0] It is therefore an object of the present invention 
is to provide an input signal power dynamic range com- 
pressing circuit that develops no out-of-band power 
leakage of the Input signal thereto and pennits effective 
compression of the signal power dynamk: range irre- 
spective of phase variations of the input signal, and a 
power amplifying circuit using the dynamic range com- 
pressing circuit. 

[001 1] The signal power dynamic range compressing 
circuit according to the present invention comprises: 

a directional coupler for dividing an input signal in- 
to two signals: 

a linear signal transfer path over which to linearly 
transfer the one of the two divided input signals; 
a compressing signal generating path for generat- 
ing a compressing signal thatcontains acomponent 
opposite in phase to the other distributed input sig- 
nal; and 

a power combiner for power-combining output sig- 
nals from the linear signal transfer path and the 
compressing signal generating path. 

[001 2] A power amplifier is connected to the output of 
the signal power dynamic range compressing circuit to 
fomi a power amplifying circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Fig. 1 Is a block diagram Illustrating the basic con- 
figuration of the present invention; 
Fig. 2 is a diagram showing the vector of the input 
to a power amplifier, for explaining the principle of 
operation of the present invention; 
Fig. 3 is a graph depicting the spectrum of the input 
signal to the power amplifier; 
Fig. 4 is a graph showing the spectrum of an output 
signal from the power annplifier; 
Fig. 5 is a block diagram illustrating a first embodi- 
ment of the present Invention; 
Fig. 6 is a graph conceptually showing operation 
characteristics, for explaining the amplification effi- 



[0014] In Fig. 1 there is depk^ted in block form the ba- 
sic configuration of the signal power dynamic range 
55 compressing circuit according to the present invention 
and the power amplifying circuit using it. 
[001 5] In Fig. 1 , the signal power dynamic rangecom- 
pressing circuit, indicated generally by 1O0, comprises 
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a directional coupler 2, a linear signal transfer path 21. 
a compressing signal generating path 22. and a power 
combiner 6. Fig. 1 depicts the case where the output of 
the power combiner 6 Is connected to a power amplifier 
8 to form a power amplifying circuit. The directional cou- s 
pier 2 divides an input signal 8,^, at an input temiinal Tl 
to the two paths 21 and 22. The directional coupler 2 
may be a power divider, but the following embodiments 
will be all described to use the directional coupler 2. The 
one path 21 is a linear signal transfer path fonned by a io 
delay line 3. whereas the other path 22 is a compressing 
signal generating path containing a compressing signal 
generator 4. The compressing signal generator 4 de- 
tects the power of the input signal S|n, and generates a 
signal for compressing the output back-off of the power 15 
amplifier 8 (which signal will hereinafter be referred to 
as a compressing signal) SpQ. The compressing signal 
Spc Is combined by the power combiner 6 with an output 
Sq from the delay line 3 to fonm a combined signal Sq 
for compressing the output back-off of the power ampli- so 
fier 8. The combined signal Sc is applied to the power 
amplifier 8, and the compressing signal SpQ Injected at 
the input thereof is eliminated by a compressing signal 
canceling circuit 1 0 connected to the output of the power 
amplifier 8. 2S 
[001 G] Referring next to Fig. 2, a description will be 
given of the prindple of operation of the present Inven- 
tion. Fig. 2 deptets the vector of the input signal to the 
power amplifier 6 in the case where respective modu- 
lated signals were subjected to orthogonal detection. so 
£001 7J The compressing signal generating circuit 4 is 
a circuit that generates the compressing signal Spc 
whose vector Spc is combined with the output vector Sq 
of the linear signal transfer path 21 into the combined 
vector Sq. As described later on, there are two kinds of 3s 
such compressing signal generating circuits: a circuit for 
generating the compressing signal Spc that compress- 
es the peak power of the Input signal and a circuit for 
generating the compressing signal SpQ that compress- 
es the peak-to-average-power ratio. 40 
[001 8] In the case of suppressing the peak power, the 
compressing signal generator 4 generates the conrv 
pressing signal vector Spc that Is nearly 180* out of 
phase with the input signal vector S|fs| (and consequently 
the signal vector Sq corresponding thereto) as depicted ^5 
in Fig. 2. The compressing signal vector Sp^ is pro- 
duced, as described later on. by detecting the peak pow- 
er of the amplifier input signal, then detecting the ampli- 
tude and phase of the input signal and generating a vec- 
tor having the amplitude of the signal vector Sq held con- so 
stant. In the example of Fig. 1 , a tone signal (a single- 
frequency signal) 1 80» out of phase with the input signal 
is generated by a low-frequency oscillator in the com- 
pressing signal generator 4. As a result, the magnitude 
of the combined vector by the directional coupler 6 can 55 
be made constant. Having thus generated the conv 
pressing signal Spc* the compressing signal generator 
4 holds Its output until the next detection of a peak power 



equal to or larger than a preset threshold value. In this 
way. upon each detection of the peak power, the vector 
nearly 180* out of phase with the Input signal Is gener- 
ated and combined with the output signal Sq from the 
linear signal transfer path 21 to obtain thecombined sig- 
nal Sq having its peak power suppressed, and the<x>m- 
bined signal Sq is applied to the power amplifier 8. By 
such reduction of the peak power of the Input signal, it 
is possible to obtain the combined signal in whrch 
the power dynamic range of the input signal S,^ is sup- 
pressed within a desired range. 
[0019] The compressing signal Sp^ by the compress- 
ing signal generator 4 is a single-frequency signal 
(which will hereinafter be referred to also as a tone sig- 
nal). The compressing signal Spc is frequency-convert- 
ed to a band different from or tdenttcal with that of the 
Input signal 8,^. Figure 3 depicts an example In whteh 
the compressing signal SpQ is frequency-converted to 
a different band from that of the input signal Sin- As 
shown, the input signal S|jsj of amplifier and the com- 
pressing signal Spc lie in different bands. Figure 4 de- 
picts the output spectrum of the power amplifier 8. If nec- 
essary, a band-pass filter (BPF) is provided as the com- 
pressing signal canceller 10 at the output side of the 
power amplifier 8 so that the compressing signal inject- 
ed at the input side of the power amplifier 8 is eliminated 
by the frequency characteristic of the band-pass fitter. 
[0020] in this way, the peak power of the transmitting 
signal is suppressed, then its power is amplified by the 
power amplifier 8, and the component of the compress- 
ing signal Spc is eliminated by the band-pass filter 10, 
by which it Is possible to offer a peak power reduction 
scheme that is completed within the transmitting circuit. 
Accordingly, the suppression of the peak power of the 
input to the power amplifier 8 reduces its output back- 
off, pennitting high-effteiency amplification. Of course, 
the vector of the compressing signal that is generated 
in the interval between the points of detection of the 
peak power of the input signal is held constant, but the 
Input signal vectorvaries; therefore, theircombined vec- 
tors do not always become constant. 
[0021 ] While Rg. 3 and 4 are shown to use a tone sig- 
nal, a modulating wave can t>e used as the compressing 
signal Spc- 

[0022] Next, a description will be given of the opera- 
tion of the compressing signal generator 4 In the case 
of suppressing the PAPR. The bask: principle of opera- 
tion is the same as that for suppressing the peak power, 
but the compressing signal Spc is used to reduce the 
PAPR of the input signal S||s| In this instarice. The gen- 
eration of the compressing signal Sp^ begins with the 
detection of the PAPR of the input signal S,j^, and If the 
detected ratio is equal to or higher than a preset value, 
the vector of the compressing signal SpQ is determined 
by thecompressing signalgenerator 4so that the PAPR 
of the combined signal Sq is «qual to or lower than a 
prescribed value. As a result, the combined signal 
can be obtained by suppressing the PAPS of the input 
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signal 8,^. The signal SpQ for suppressing the PAPR is 
frequency-converted to a different bandf rem or Identical 
with that of the input signal S|n. The compressing signal 
Spc can be cancelled, if necessary, by the band-pass 
filter 10 at the output side of the power amplifier 8. To 
reduce the PAPR of the Input signal S|n. the vector of 
the compressing signal Spc is detemnlned In such a 
manner as to increase and/or decrease the average 
power relative to, for example, the peak power. 
[0023] The compressing signal Sp^ for suppressing 
the PAPR may be generated so that the amplitude of 
the combined signal Sq takes a predetemritned fixed val- 
ue sufficiently smaller than a predicted peak of the input 
signal S|n. Figure 2 shows the locus of the signal in an 
IQ plane which is obtained by the orthogonal detection 
of the combined signal Sq. in this case, the envelope of 
the combined signal Sq takes a constant value as indi- 
cated by the circle In Fig. 2. In the embodiments de- 
scribed later on this compressing signal Spc Is called a 
constant envelope signal. 

[0024] Such reduction of the PAPR of the transmitting 
signal penults suppression of the input signal power dy- 
namic range of the power amplifier 8. Further, it is pos- 
sible to provide a PAPR suppression scheme that is 
completed within the transmitting circuit. Besides, the 
suppression of the PAPR of the amplifier Input signal 
reduces the output back-off, allowing high-effk:iency 
amplification. 

TIRST EMBODIMENT 

[0025] Figure 5 illustrates In block fomfi a first embod- 
iment of the present invention In which the bask: config- 
uration of the signal power dynamic range compressing 
circuit shown In Fig. 1 Is applied to the peak power sup- 
pression. The amplifier Input signal Sif^ Is divided by the 
directional coupler 2 to the linear signal transfer path 21 
formed by the delay line 3 and the compressing signal 
generating path 22 formed by the compressing signal 
generator 4. The compressing signal generator 4 is 
formed by a cascade connection of a level discriminator 
41 , a peak power detector 42, a low-frequency oscillator 
44, a frequency converter 45, a variable phase shifter 
46 and a variable amplifier 47V. The level discriminator 
41 observes an Instantaneous value of the amplitude of 
the distributed Input signal Snyj. The observed Instanta- 
neous value is compared with a threshold value preset 
in the level discriminator 41 , and only when the former 
is equal to or larger than the latter, the distributed Input 
signal S|M Is fedtothepeakpower detector 42. The peak 
power detector 42 Is fomied by an orthogonal demodu- 
lator, which performs orthogonal detection of the Input 
signal S||,^ fed from the output of the level discriminator 
41 . detecting the vector (amplitude and phase values) 
of the Input signal 8,1^. The thus detected amplitude and 
phase values are Input to the low-frequency oscillator 
44. 

[0026] The low-frequency oscillator 44 Is formed by a 
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synthesizer in which the amplitude and phase values 
can be set. To suppress the Input power dynamic range 
of the power amplifier 8. the low-frequency oscillator 44 
is set so that its oscillation signal Is nearly 180® out of 

s phase with the detected phase value; that is, the phase 
that Is set In the low-frequency oscillator 44 Is opposite 
to the phase detected by the peak power detector 42. 
And the amplitude value is chosen such that the com- 
bined signal Sq estimated by the peak power detector 

10 42 through numerical calculations will have a constant 
envelope. This permits generation of the compressing 
signal S^c of a vector that suppresses the peak power. 
The synthesizer output Is frequency-converted by the 
frequency converter 45 to a predetemiined band, whk:h 

IS may be the same as or different from the band of the 
amplifier Input signal Si^. The frequency-converted 
compressing signal Is subjected to final adjustments of 
Its amplitude and phase by the variable phase shifter 46 
and the variable amplifier 47V. The thus finally adjusted 
^0 compressing signal Spc is combined in power by the 
power combiner 6 with the signal Sq from the delay line 
3. As the result of this, the peak power of the Input signal 
Is reduced. In this embodiment the power combiner 6 
divides the combined signal Sq, The power of the com- 
bined signal Sq is mostly distributed to the power am- 
plifier 8 and partly to a control path. The variable ampli- 
fier 47V may also be composed of a variable attenuator 
and an amplifier. 

[0027] In the basic configuration depicted in 'Fig. 1 , up- 

30 on detection of the peak power of the Input signal S|n. 
It Is suppressed by the compressing signal SpQ opposite 
in phase thereto, but since the vector of the Input signal 
S|N varies with time, there Is the possibility that the In- 
stantaneous amplitude value of the combined signal Sq 

35 exceedis the afore-mentioned predetermined threshold 
value before the next peak power of the Input signalS|fyj 
is detected by the level discriminator 41 . 
[0028] To avoid this, the Fig. 5 embodiment uses a 
compressing signal adjustment part 11 In the control 

40 path 23 by which to keep the level of the combined signal 
Sq from exceeding the threshold value. The compress- 
ing signal adjustment part 11 is formed by a cascade 
connection of a level discriminator 15, a peak power de- 
tector 1 6 and a control circuit 1 7. The level discriminator 

4s 15 decides whether the peak power of the distributed 
combined signal is in excess of a predetemnlned 
threshold value, and If so, transfers the combined signal 
Sq to the peak power detector 16. The peak power de- 
tector 16 performs orthogonal detection of the combined 

so signal fed thereto to detect its phase and amplitude, 
and provides them to the control circuit 1 7. 8ased on 
the phase and annplitude thus detected, the control^lr- 
cult 17 controls the phase shift amount of the variable 
phase shifter 46 and the ampllficatk>n factor of the var- 

S5 iable amplifier 47V by an adaptive algorithm on a step- 
wise basis so that the peak power of the combined -sig- 
nal Sc becomes smaller than the threshold value. 
[0029] The control circuit 1 7 is f onmed by a microcom- 
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puter, which controls the variable phase shifter 46 and 
the variable amplifier 47 by a perturbation algorithm, 
least square estimation algorithm, or the like. The con- 
trol operation of the control circuit 1 7 may be implement- 
ed by a digital or analog circuit. The variable amplifier 5 
47V may be replaced with a variable attenuator, which 
produces the same peak voltage suppression effect. 
The amplitude and phase values of the low-frequency 
oscillator 44 may also be placed under the control of the 
control circuit 17. io 
[0030] Accordingto this embodiment, since the power 
dynamic range of the Input signal 8,^ can be reduced 
by the adaptive suppression of its peak power, the out- 
put back-off of the power amplifier 8 can be reduced. 
This enables the power amplifier 8 to achieve high-effi- is 
ciency amplification. 

[0031] Figure 6 shows, in terms of drain efficiency, the 
amplification efficiency that Is Improved by connecting 
the signal power dynamk: range compressing circuit of 
the present invention to the input side of the power am- 
plifier 8. For example, in the case of an input signal with 
a 10-dB PAPR, a 4-dB suppression of the peak power 
will provide a 6-dB PAPR reduction of the input com- 
bined signal to the power amplifier 8. This permits 
reduction of a 1 0-dB output back-off down to 6 dB prior 25 
to the suppression of the peak power. The 4-dB sup- 
pression of the peak power has such an influence on 
the amplification efficiency of the power amplifier 8 as 
described below. Assuming that the amplifier 8 is a class 
"A" amplifier whose maximum drain effk:iency atthesat- 30 
uration output point is 50% and whose output back-off 
is defined to be the difference between a 1 -dB gain com- 
pression point and the operating point, the drain effuien- 
cy can be improved to about 10% by the application of 
the present invention, whereas the drain efficiency is 4% 35 
or so when the present invention is not used. Thus, even 
if the peak power is not completely suppressed, the 
present invention is effective in improving the ampliftoa- 
tion efficiency of the power amplifier 8. And this does 
not ever generate either out-of-band leakage of power ^ 
or intersymbol interference. 

SECOND EMBODIMEiMT 

[0032] Figure 7 Illustrates In block form a second em- 43 
bodiment of the present Invention, In which the peak 
power detector 42 of the compressing signal generator 
4 In Fig. 5 is fomried by a peak power detector 43 which 
measures the peak power of the Input signal Si^, such 
as a diode sensor or thermocouple. The peak power de- so 
tector 43 detects only the peak power of the input signal 
and does not detect its phase value. Accordingly, 
the low-frequency oscillator 44 oscillates in a suitable 
initial phase. The output from the power combiner 6 is 
provided via the ievel discriminator 15 and the peak ss 
power detector 16 to the control circuit 17, which con- 
trots the phase value of the variable phase shifter 46 
and the amplitude value of the variable amplifier 47 on 



a stepwise basis until the minimum peak power is de- 
tected. The arrangement of this embodiment pennits 
simplification of the configuration of the peak power de- 
tector. 

THIRD EMBODIIVIENT 

[0033] Figure 8 Illustrates in block fomn a third embod- 
iment of the present invention. While the embodiments 
of Figs. 5 and 7 have been described to use a band- 
pass filter as the compressing signal canceller 10 for 
canceling the compressing signal in the output from the 
power amplifier 8, the Fig. 8 embodiment does not em- 
ploy the band-pass filter but has a construction in which 
a elimination signal S^c 's generated by reversing the 
phase of the compressing signal Sp^ and is injected into 
the output from the power amplifier 8 tocancel the com- 
pressing signal component. A combined signal -genera- 
tor 9, whteh constitutes a path for canceling the com- 
pressing signal component, is formed by a cascade con- 
nection of a phase inverter 91 , a variable phase shifter 
92 and a variable amplifier 93. The phase inverter 91 
inverts the phase of the compressing signal SpQ is di- 
vided by the directional coupler 1 8, and outputs the 
phase-inverted signal as the elimination signal Sqq. 
[0034] The variable phase shifter 92 and the variable 
amplifier 93 are controlled by a control circuit S3 on a 
stepwise basis to adjust the phase and amplitude of the 
elimination signal S^. The output from the power am- 
plifier 8 and the elimination signal Sqc are -combined/ 
distributed by a power combiner/distributor 10, and the 
combined output power mostly provided to an output 
terminal TO and partly to a combined signal adjustment 
part 50 for monitor use. The elimination signal adjust- 
ment part 50 is fonned by a cascade connection of a 
level discrimlnator51 , a peak power detector52 and the 
control circuit 53. The elimination signal adjustment part 
50 operates in the same manner as does thecompress- 
ing signal adjustment part 11 , and adjusts the phase and 
amplitude of the elimination signal to control the 
variable phase shifter 92 and the variable amplifier 93 
on a step-by-step basis until the level of the residual 
compressing signal component in the output from the 
power amplifier 8 goes down below a predetemiined 
field intensity. The variable amplifier 93 for adjusting the 
amplitude component may be replaced with a variable 
attenuator. 

[0035] This embodiment is suitable for use in thecase 
where the injected earner cannot be cancelled by the 
band-pass filter 10 as in the first embodiment when fre- 
quencies of the input signal S|n and the carrier (com- 
pressing signal) Injected to suppress Its peak power are 
60 close to each other that the frequency bands of the 
input signal 8,,^ and the compressing signal overtap or 
completely coincide with each other. This embodiment 
is particulariy effective when the carrier for-oompressing 
the peak power is injected into a multi^anier signal or 
COMAcanier. 
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1=OURTH EMBODIMENT 

[0036] Figure 9 illustrates in block form a fourth em- 
bodiment of the present invention, in which the arrange- 
ment for canceling the compressing signal component 
in the Fig. 8 embodiment is applied to the Fig. 7 embod- 
iment. Accordingly, this embodiment uses a diode sen- 
sor or thermocouple as the peak power detector as Is 
the case with the second embodiment of Fig. 7. This ar- 
rangement pemriits simplification of the configuration of 
the peak power detector. The control circuit 17 controls 
the phase value of the variable phase shifter 46 and the 
amplitude value of the variable amplifier 47V on a step- 
wise basis until the minimum peak power is detected. 
The variable amplifier 47V may be replaced with a var- 
iable attenuator. The combined signal generators is the 
same as that used In the third embodiment. Thus, the 
peak power detector and the low-frequency oscillator 
can be made simple-structured. 

FIFTH EMBODIMENT 

[0037] Figure 10 illustrates in block fonn a fifth em- 
bodiment of the present invention. While the Fig. 9 enrv 
bodiment has been described to use the compressing 
signal SpQ as the elimination signal Sqq that is applied 
to the power combiner/distributor 1 0 serving as the conrv 
pressing signal canceller, the Fig. 10 embodiment gen- 
erates the elimination signal from the output from 
the peak power detector 43. That Is. in this embodiment, 
based on the phase and amplitude of the input signal 
detected by the peak detector 43 in the compressing sig- 
nal generating path 22. the vector for canceling the re- 
maining compressing component is generated by a low- 
frequency oscillator 95, a frequency converter 96, the 
variable phase shifter 92 and the variable amplifier. This 
method facilitates the generation of the signal for can- 
celing the compressing signal. Further, since the com- 
bined signal generating path is similar in configuration 
to the compressing signal generating path, common 
modules can be used for respective parts in the devk:e 
configuration. 

SIXTH EMBODIMENT 

[0038] Figure 11 Illustrates In block fonm a sixth em- 
bodiment of the present invention, in which the signal 
generated by the low-frequency oscillator 44 in the Fig. 
5 embodiment is modulated using a specific code. This 
scheme allows ease in detecting the peak power of the 
combined signal Sq that is applied to the power amplifier 
8. The compressing signal vector by the low-frequency 
oscillator 44 is prone to undergo amplitude and phase 
variations under the influence of noise or the like. With 
a view to increasing the stability of the compressing sig- 
nal, this embodiment generates a speclfto code like a 
PN sequence by a code generator 49 and uses it to mod- 
ulate the tone signal generated by the low-frequency os- 



cillator 44. The thus modulated signal is provided via the 
frequency converter 45, the variable phase shifter 46 
and the variable amplifier 47 to the power combiner 6, 
by which it is combined with the output from the linear 

5 signal transfer path 21 , and the combined output is input 
to the power amplifier 8. Since this embodiment uses 
the code-modulated signal as the compressing signal, 
the frequency converter 445 needs to be set so that the 
band of the code-modulated signal lies outside the band 

10 of the input signal Sj^^. 

[0039] In the path 23 (connposed of the power com- 
biner 6. the level discriminator 15, the peak power de- 
tector 16 and the control circuit 17) for monitoring the 
peak power of the combined signal, the level discrimi- 

is nator 1 5 observes the peak power and the peak power 
detector 16 detects controlled variables of the variable 
phase shifter 46 and the variable amplifier 47V. At this 
time, the peak power detector 16 demodulates the Input 
signal by the same code as that generated by the code 
20 generator 49. This provides increased stability for the 
compressing signal. The structure that uses, as the 
compressing signal, the signal modulated by the code 
generated by the code generator 49 as described above 
can be applied as well to the^g. 7 embodiment. It is 
2s also applk:able to the ennbodiments of -Figs. 8, 9 and 1 0, 
in which case the frequency band of the compressing 
signal may overiap or completely coincide with the fre- 
quency band of the input signal. 

[0040] In the 'Fig. 1 1 embodiment of the an-angement 

30 that uses the code-modulated conrpressing signal SpQ 
and in the cases where the arrangement is applied to 
the embodiments of Figs. 8, 9 and 10. the compressing 
signal component in the ou^ut from the power amplifier 
8 can be cancelled by the elimination signal Sqq even 

35 if the compressing signal Spc is frequency converted 
and then combined with the output signal Sq from the 
linear signal transfer path 21 in the frequency band over- 
lapping with that of the input signal S|N.*For example, 
when the input signal is aCDMA signal whose frequen- 

40 cy band is indicated by In ^ig. 1 2. the modulation Is 
perfonmed using a code (a spread spectrum code) that 
has the same frequency band Sgpc as that S^,. As a 
result, the compressing signal component in the output 
from the power amplifier 8 is cancelled In the band-pass 

45 filter 1 0. In practtee, the-compresslng signal component 
Is not completely cancelled but remains in the<:OMA 
signal band as a residual as shown in Fig. 13; however, 
it can be reduced negligibly small. 
[0041] Similarly, in the case where the input signal S|n 

50 is, for example, a multi-carrier signal in the embodi- 
ments of Figs. 8, 9 and 10 and a carrier signal as the 
compressing^ignal Sp^ is injected in the same frequen- 
cy band as that of the input signal S^^ <that is. combined 
by the power combiners with the output signal from the 

55 linear signal transfer path 21) as depicted ini^ig. 14, a 
canceling carrier signal opposite in phase to the com- 
pressing carrier signal is combined by the power^om- 
biner/distributor 10 with the output from the power am- 
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pllf ier 8, by which the remaining compressing carrtersig- 
nal can cancelled down to a low level as depicted in Fig. 
15. 

[0042] In the case where the compressing carrier sig- 
nal Is injected outside of the frequency band of the input s 
multi-carrier signal as depicted in Fig. 16, too, the com- 
pressing signal component (i.e. the compressing carrier 
component) in the output from the power amplifier 8 can 
be cancelled to a sufficiently low level, as shown in Fig. 
1 7, by injecting a cancel carrier signal opposite in phase io 
to the compressing carrier signal In the power combiner/ 
distributor 10. 
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[0043] Figure 18 illustrates a seventh embodiment of 
the present invention. In the above-described embodi- 
ments of Figs. 5 and 7 to 1 1 , the output distributed from 
the power combiner 6 is monitored and the variable 
phase shifter 46 and the variable amplifier 47V are con- 
trolled so that the peak power does not exceed the 
threshold value, but instead the low-frequency oscillator 
44 may be controlled based on the monitored output. 
Shown in Fig. 18 is an application of such control to the 
'Fig. 5 embodiment. The compressing signal generator 25 
4 is made up of the level discriminator 41 , the peak pow- 
er detector 42. the low-frequency oscillator 44, the fre- 
quency converter 46 and an amplifier 47. The conrv 
pressing signal Sp^ is generated by the compressing 
signal generator 4 from a signal from the directional cou- 30 
pier 2 having monitored the input signal to the power 
amplifier 8. The compressing signal Spc Is combined by 
the power combiner 6 with the output from the linear sig- 
nal transfer path 21 to reduce the peak power of the In- 
put signal to the power amplifier 8. 35 
[0044] The level discriminator 41 observes the ampli- 
tude of the input signal to the power amplifier 8, The 
instantaneous value of the amplitude thus observed is 
•compared with a threshold value preset in the level dis- 
criminator 41 , and if the instantaneous value is larger 40 
than the threshold value, the input signal S^^ is provided 
to the peak power detector 42. 
[0045] The peak power detector 42 performs orthog- 
onal detection of the input signal S|)g fed from the level 
discriminator 41 to detect the vector (amplitude and 
phase values) of the input signal. The thus detected ann- 
plitude and phase values are set in the low-frequency 
oscillator 44. 

{0046] The low-frequency oscillator 44 Is formed by a 
synthesizer in which the amplitude and phase values 50 
can be set. In this instance, the phase value is set nearly 
1 80^ out of phase with the Input signal so as to suppress 
the amplifier Input. The low-frequency oscillator 44 gen- 
erates a tone signal that has the preset amplitude and 
phase values. This provides a vector that suppresses 'SS 
the peak power. 

[0047] The output from the low-frequency oscillator 
44 is frequency-converted by the frequency converter 



45 to a predetermined band. The oscillator output may 
be frequency<onverted to a band identical with or dif- 
ferent from that of the amplifier Input signal Spc. The 
thus frequency-converted compressing signal SpQ is 
provided via the amplifier for level adjustment use to the 
power combiner 6, wherein it is combined with the out- 
put signal from the delay line 3. The combined output is 
mostly applied to the power amplifier 8 but partly to the 
control path 23. 

[0048] In the control path 23 the level discriminator 15 
discriminates an instantaneous value of the amplitude 
of the distributed signal and^ when the Instantaneous 
amplitude value is larger than a preset thr^hold value, 
the peak power detector 16 perfomis orthogonal detec- 
tion of the signal. The control circuit 1 7 uses the orthog- 
onally-detected signal to control the amplitude and 
phase values of the tone signal, which is generated by 
the low-frequency oscillator 44, by an adaptive algo- 
rithm on a stepwise basis in a manner to reduce the peak 
power of the amplifier input signal Sq. Thecontrol circuit 

17 is formed by a microprocessor, and uses a perturba- 
tion algorithm, least square estimation algorithm, or the 
like as the adaptive algorithm. 

[0049] Such control of the low-frequency oscillator 44 
as described above is equivalent to suppressing the 
peak value of the amplifier input signal at the time of 
receiving It in the base band. The control operation in 
the base band allows control in the operating band 
broader than the modulation signal bandwidth. This per- 
mits simplif Nation of the control circuit configuration. A 
modulating wave may be used as the compressing sig- 
nal, in which case the configuration of this embodiment 
need not be modified and the same results as men- 
tioned above are obtainable as well. 
[0050] In the OTibodiments described above with ref- 
erence to Tigs. 5, 7 to 11 and 18, a signal opposite in 
phase to the Input signal S^^ at the time of detecting Its 
peak power Is generated as the compressing^ignal SpQ 
and Is combined with the input signal Si^ (property 
speaking, the output signal Sq from the linear signal 
transfer path 21 ). That is, the compressing signal vector 
may be determined so that the connbined vector always 
has a constant amplitude value smaller than a predeter- 
mined value, but the compressing signal needs to have 
a component 180*" out of phase with at least the Input 
signal vector. 

[0051 ] While the embodiments ofTigs. 5, 7 to 11 and 

18 have been described to detect and reduce the peak 
power of the Input signal to thereby compress the dy- 
namic range of the input signal power, the following em- 
bodiments will be described to compress the dynamk: 
range of the input signal power by reducing the PAPR 
of the input signal. 

EIGHTH €MBODIM€NT 

{0052] 'Rgure 18 Illustrates In bk>ctc fonm an eighth 
embodiment of the present invention, In which the am- 
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piffier input signal 8,^, is distributed by the directional 
coupler 2 to the linear signal transfer path 21 formed by 
the delay line 3 and the compressing signal generating 
path 22 formed by the compressing signal generator 4. 
The compressing signal generator 4 is fomied by a cas- 
cade connection of an orthogonal detector 4A, a con- 
stant-envelope signal generator 4B, the frequency con- 
verter 45, the variable phase shifter 46 and the variable 
amplifier 47. The orthogonal detector 4A performs or- 
thogonal detection of the Input signal to observe its vec- 
tor (phase and amplitude). The vector thus observed is 
provided to the constant-envelope signal generator 4B, 
which reverse the phase of the input signal. As for the 
amplitude of the input signal, the constant-envelope 
composing signal generator 4B estimates the combined 
signal through numerical calculations and sets the 
amplitude at such a value that the combined signal Sc 
will have a constant envelope. By this. It Is possible to 
generate a vector that suppresses the PAPR of the input 
signal. 

[0053] The output from the constant-envelope signal 
generator 4B is frequency-converted by the frequency 
converter 45 to a predetermined band. In this instance, 
the output may be frequency-converted to a band iden- 
tical with or different from that of the amplifier input sig- 
nal. The frequency-converted compressing signal Spc 
is subjected to final adjustments of its amplitude and 
phase by the variable phase shifter 46 and the variable 
amplifier 47, thereafter being injected by the power com- 
biner 6 into the amplifier input signal. The variable ann- 
pltfier 47V may be replaced with a variable attenuator. 
In the control path 23, the PAPR detector 1 9 detects the 
ratio between the peak voltage and average voltage or 
between the peak power and average power of the sig- 
nal divided from the power combiner 6, and when the 
detected ratio is above a preset threshold value, the PA- 
PR detector 1 9 performs orthogonal detection of the in- 
put signal, and the control circuit 1 7 controls the variable 
phase shifter 46 and the variable amplifier 47V by an 
adaptive algorithm on a stepwise basis. That is, the sig- 
nals Sq and Spo will be ISC' out-of-phase on the IQ 
plane after orthogonal detection of the signal Sq com- 
bined by the power combiner 6, but the vector of this 
combined signal does not always have a constant- 
envelope vector. To avoid this, the control circuit 17 
monitors the amplitude of the combined signal Sq 
through the PAPR detector 1 9, and controls the variable 
phase shifter 46 and the variable amplifier 47V to adjust 
the phase and amplitude of the compressing signal Spc 
so that the combined signal Sq will have a predeter- 
mined amplitude. In other words, the variable amplifier 
47V and the variable phase shifter 46 control the ampli- 
tude and phase of the constant-envelope composing 
signal SpQ on a stepwise basis so that the combined 
signal Sq will have a constant-envelope vector. This 
control can be provided by various adaptive algorithms 
such as the steepest descent method and the most like- 
lihood estimation method. 



[0054] The PAPR detector 1 9can be implemented by 
a diode sensor, for instance. In the case of measuring 
the peak power, a diode sensor of a small time constant 
is used. The sensor output is sampled to detect an in- 
5 stantaneous value of the -sensor input voltage, and the 
maximum instantaneous value Is set as the peak power 
value. In the case of measuring the average power, a 
diode sensor of a large tinr^ constant Is used; the sensor 
output is sampled and the average value is set as the 
10 average power. A thenmocouple may be used in place 
of the diode sensor. The control circuit 1 7 is fomned by 
a microcomputer, and controls the variable phase shifter 
46 and the variable amplifier 47V by a perturbation al- 
gorithm, least square estimation algorithm, or the like. 

IS The variable amplifier 47V may be replaced with a var- 
iable attenuator, In whk:h case, too, it is possible to 
achieve the same PAPR reductton as described above. 
[0055] For example, In the case of an input signal with 
a 10-dB PAPR, a 4-dB suppression of the peak power 
will provide a 6-dB PAPR reduction of the Input com- 
bined signal Sq to the power amplifier B. This pemnits 
reduction of a 1 0-dB output back-off down to 6 dB prior 
to the suppression of the peak power. The 4-dB sup- 
pression of the peak power has such an Influence on 

2S the ampllfbation effk^iency of the power amplifier 8 as 
described below. Assuming that the amplifier 8 is a class 
"A" amplifier whose maximum drain eff teiency at the sat- 
uration output point is 50% and whose output back-off 
is defined to be the difference between a 1 -d3 gain com- 

30 presslon point and the operating point, the dfinin efTicten- 
cy can be improved to about 10% by the ajprplteatbn of 
the present invention , whereas the drain eff tciency is 4% 
or so when the present invention is not used. Thus, even 
If the peak power is not completely suppressed, the 

35 present invention Is effective In Improving the amplifk»- 
tlon efficiency of the power annplifier 8. And this does 
not ever develop either out-of-band leakage of power or 
intersymbol interference. 

40 NINTH EMBODIMENT 

[0056] Figure ^0 Illustrates in block form a ninth em- 
bodiment of the present invention, whcch uses an enve- 
lope detector AC in place of the orthogonal detector 4A 
4s in the compressing signal generating path 22 In the^Flg. 
19 embodiment. This permits sinnpllf (cation of the con- 
figuration of the compressing signal generator 4. 
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[0057] figure 21 illustrates In block form a tenth em- 
bodiment of the present invention. In this embodiment 
the phase of the compressing signal SpQ is reversed to 
fonti the elimination signal ^qq, which is Injected Into 
S5 the amplifier output to cancel the PAPR ^compressing 
signal at the output side of the amplifier 8. A-combined 
signal generator 100, which constitutes a compressing 
signal cancellation path, Is formed by a^^cascade con- 
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nection of a phase invertor signal generator 101 , a var- 
iable phase shifter 1 02 and a variable amplifier 1 03. The 
variable phase shifter 1 02 and the variable amplifier 1 03 
are controlled by a control circuit 1 05 on a step-by-step 
basis. The control circuit 1 05 controls the variable phase 
shifter 1 02 and the variable amplifier 103 on a stepwise 
basis until the level of the PAPR compressing signal 
goes down below a predetermined field intensity. 
[0058] The variable amplifier 103 may be substituted 
with a variable attenuator. This embodiment is suitable 
for use in the case where frequencies of the input signal 
S„sj and the carrier Injected for PAPR suppression are 
so close to each other that the injected carrier cannot 
be cancelled by a band-pass filter or the like as In the 
eight embodiment. This embodiment Is particularly ef- 
fective, for example, when the carrier for compressing 
the peak power is Injected into a multi-carrier signal or 
CDMA carrier. 

ELEVENTH EI^BODIMENT 

[0059] Figure 22 illustrates in block form an eleventh 
embodiment of the present invention, which uses the 
envelope detector 4C In place of the orthogonal detector 
4A in the compressing signal generating path 22 as is 
the case with the ninth embodiment. This also pemiits 
simplification of the compressing signal generator 4. 
The combined signal generator 1 00 is identbal with that 
used In the tenth embodiment. 

TWELFTH ElVIBODIIVIENT 

[0060] Figure 23 illustrates In block f omi a twelfth enn- 
bodiment of the present invention, which uses the output 
from the constant-envelope signal generator 4B in the 
compressing signal generating path 22 to generate the 
vector for canceling the compressing signal component 
in the output from the power amplifier 8. This scheme 
altows ease in the generation of the eilmination signal 
^cc canceling the compressing signal SpQ. Further, 
since the combined signal generating path is similar in 
configuration to the compressing signal generating 
path, common modules can be used for respective parts 
in the device configuration. 

[0061] The signal power dynamic range compressing 
circuits in Figs. 5 and 7 to 11 and In Figs. 19 to 23 are 
similar in configuration and in effect. Any of the circuits 
suppresses the peak power or peak-to-average-power 
ratio to reduce the output back-off of the power amplifier, 
enabling it to perform high-efficiency amplification. 

THIRTEENTH ElVlBODIMENT 

[0062] Figure 24 Illustrates in block fonm a thirteenth 
embodiment of the present invention, in which the com- 
pressing signal generator 4 is made up of the orthogonal 
detector4A, the constant-envelope signal generator 4B. 
the frequency converter 45 and the amplifier 47. 



[0063] The orthogonal detector 4A performs orthogo- 
nal detection of the input signal S|n to observe its vector 
(amplitude and phase values). The vector thus ob- 
served is set by the constant-elenrient signal generator 
5 4B to be nearly 1 80* out of phase with the amplifier Input 
signal S,,^ so as to suppress it. The output from the con- 
stant-envelope signal generator 4B is frequency -con- 
verted by the frequency converter 45 to a predetemnined 
band. In this instance, the output may be frequency-con- 
to verted to a identical band with or different band from that 
of the input signal of amplifier. The frequency-converted 
compressing signal Sp^ is adjusted in level by the am- 
plifier 47, and combined by the power combiner 6 with 
the signal Sq from the delay line 3, and the combined 
IS signal is provided to the amplifier 8. 

[0064] The control path 23 comprises the PAPR de- 
tector 19 and the control circuit 17. The PAPR detector 
19 detects the peak power and average power of the 
combined signal distributed from the power combiner 6 
so and, when the PAPR is above a present threshold value, 
performs orthogonal detection of the-combined signal to 
obtain its phase and amplitude. Based on the thus de- 
tected phase and amplitude, the control circuit 17 con- 
trols the amplitude and phase values of the constant- 
ss envelope signal generator 46 on a stepwise basis so 
that the PAPR goes down below the thriashold value. 
The control circuit 1 7 is formed by a microprocGssor, and 
uses a perturbation algorithm, least square estimation 
algorithm, or the like. 
30 [0065] The control circuit 1 7 further controls the am- 
plitude and phase values of the constant-envelope sig- 
nal generator 4B in a manner to reduce the PAPR of the 
input signal to the amplifier 8 (whk:h is the combined 
signal of the outputs from the linear signal transfer path 
35 21 fomried by the delay line 3 and the compressing sig- 
nal generating path 22). The control of the constant-en- 
velope signal generator 4B is equivalent to the suppres- 
sion of the PAPR at the time of receiving the amplifier 
input signal S|)sj in the base band. The control operation 
40 in the base band allows control in the operating band 
broader than the modulation signal bandwidth. This per- 
mits simplification of the control circuit configuratton. A 
tone signal may be used as the compressirig signal, in 
which case the configuration of this emt)odlment need 
4^ not be modified and the same result as mentioned 
above are obtainable as well. 

[0066] While in the above the present Invention has 
been described as being applied to the compression of 
the power dynamk: range of the Input signal to the power 

so amplifier 8, the Invention is not limited specifteally there- 
to. By applying the invention to, for instance, the input 
of an AJD converter, its input range can be reduced 
through the compression of the power dynamk^ range 
of input signal thereto-this makes it possible to use an 

55 AJD converter that is simple-structured accordingly and 
hence is inexpensive. 
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EFFECT OF THE INVENTION 

[0067] As described above, the signal power dynamic 
range compressing circuit according to the present in- 
vention does not clip the input signal, but instead gen* 
erates a compressing signal based on the input signal 
and combines it with the input signal having passed 
through a linear signal transfer path to thereby com- 
press the signal power dynamic range, and hence de- 
velops no out-of-band leakage of power. Further, since 
the phase of the compressing signal is set in accordance 
with the input signal, the compression of the signal pow- 
er dynamic range can effectively achieve even in the 
case where the input signal ts a modulated signal and 
Its phase varies. 

[0068] In the power amplifying circuit having a power 
amplifier connected to the output side of the signal pow- 
er dynamic range compressing circuit, the provision 
compressing signal cancel means at the output side of 
the power amplifier makes it possible to achieve high- 
efficiency ampliftcation that is completed within the 
transmitting side, without exerting the influence of the 
compressing signal on the receiving side. 



Claims 



A signal power dynamic range compressing circuit 
comprising: 

a directional coupler for distributing an input 
signal to two paths; 

a linear signal transfer path over whbh to line- 
arly transfer the one distributed input signal; 
a compressing signal generating path for gen- 
erating a compressing signal containing a com- 
ponent opposite in phase to the other distribut- 
ed Input signal; and 

a power combiner for power-combining output 
signals from said linear signal transfer path and 
said compressing signal generating path. 

The circuit of claim 1 , wherein said compressing 
signal generating path comprises: 

a level discriminator for detecting the peak pow- 
er of said input signal above a predetermined 
level; 

a peak power detector responsive to the detec- 
tion of said peak power to detect the phase of 
said input signal; 

a low-frequency oscillator for generating a low- 
frequency signal nearly 180*^ out of phase with 
said detected phase; and 
a frequency converter for converting said low- 
frequency signal to a desired frequency band 
and for outputting said frequency-converted 
signal as said compressing signal. 
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the circuit of claim 1 , wherein said compressing 
signal generating path comprises: 

a level discriminator for detecting the peak pow- 
er of -said input signal above a predetemnined 
level; 

a peak power detector responsive to the detec- 
tion of said peak power to detect the amplitude 
of said input signal; 

a low-frequency oscillator having set therein 
-said detected amplitude, for generating a low- 
frequency signal nearly 1 80* out of phase with 
the phase of said input signal; and 
a frequency converter for converting said low- 
frequency signal to a desired frequency band 
and for outputting said frequency-converted 
signal as said compressing signal. 

The circuit of claim 1 , wherein said compressing 
signal generating path comprises: 

a level discriminator for detecting the peak pow- 
er of said input signal above a predetemnined 
level; 

a peak power detector responsive to the detec- 
tion of said peak power to detect the phase and 
amplitude of said input signal; 
a low-frequency oscillator for generating a low- 
frequency signal nearly 1 80^ out of phase with 
said detected phase of said input signal; 
modulating signal generating means for gener- 
ating a predetermined modulating signal; 
a modulation circuit for modulating said low-fre- 
quency signal by said modulating signal to gen- 
erate a modulated low-frequency signal; and 
a frequency converter forconverting said mod- 
ulated low-frequency signal to a desired fre- 
quency band and for outputting said frequency- 
converted signal as^aid compressing signal. 

5. The circuit of claim 4, wherein said modulating sig- 
nal generating means is a code generator for gen- 
erating a code of a specific pattern as said modu- 
lating signal. 

6. The circuit of any one of claims 1 to 4, wherein said 
compressing signal generating path <:omprises a 
variable phase shifter for adjusting the phase of said 
compressing signal and variable amplitude nneans 
for adjusting the amplitude of said compressing sig- 
nal, and which further comprises a compressing 
signal adjustment part for controlling said variable 
phase shifter and said variable amplitude means so 
that the peak power of said combined signal distrib- 
uted from said power distributor goes down below 
a preset value. 

7. The circuit of claim 6, wherein said -compressing 
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signal adjustment part comprises: combined signal 
(eve! discriminating means for discriminating the 
level of said distributed combined signa) above a 
preset value; a combined signal peak power detec- 
tor responsive to the detection said signal level 
above said preset value to detect the phase and 
amplitude of said combined signal; and a control cir- 
cuit for controlling said variable phase shifter and 
said variable amplitude means based on said de- 
tected phase and amplitude of said combined signal 
so that the level of said combined signal goes down 
to below said predetennined value. 

8. The circuit of claim 1 . wherein said compressing 
signal generating path comprises: 

an orthogonal detector for performs orthogonal 
detection of said Input signal and for outputting 
the phase and amplitude of said input signal; 
a constant-envelope composing signal gener- 
ator for inverting said detected phase of said 
input signal to generate an inverted-phase sig- 
nal; and 

a frequency converter for converting said in- 
verted phase signal to a desired frequency 
band and for outputting said frequency-con- 
verted signal as said compressing signal. 

9. The circuit of claim 1, wherein said compressing 
signal generating path comprises: 

an envelope detector for detecting the enve- 
lope of said input signal and for outputting the 
phase and amplitude of said input signal; 
a constant-envelope composing signal gener- 
ator for inverting said detected phase of said 
input signal to generate an Inverted-phase sig- 
nal; and 

a frequency converter for converting said in- 
verted phase signal to a desired frequency 
band and for outputting said frequency-con- 
verted signal as said compressing signal. 

10. The circuit of claim 8 or 9» wherein said compress- 
ing signal generating path comprises a variable 
phase shifter for adjusting the phase of said com- 
pressing signal and variable amplitude means for 
adjusting the amplitude of said compressing signal, 
and which further comprises a compressing signal 
adjustment part for controlling said variable phase 
shifter and said variable amplitude means so that 
the pesk power of said combined signal distributed 
from said power distributor goes down below a pre- 
set value. 

11. The circuit of claim 10, wherein said compressing 
signal adjustment part comprises: power ratio de- 
tecting means for detecting the peak-to-average- 



power ratio of said distributed -combined signal 
above a preset value; and at:ontrol circuit respon- 
sive to the detection of said power ratk) of said com- 
bined signal above said preset value to control said 
variable phase shifter and said variable amplitude 
means so that said power ratio goes down below 
said preset value. 

12. The circuit of claim 2 or 3, wherein saidcompress- 
ing signal generating path further comprises acom- 
pressing signal adjustment part for control ling -said 
variable phase shifter and said variable amplitude 
means so that the peak power of said combined sig- 
nal distributed from sakd power distributor goes 
down below a preset value. 

13. The circuit of claim 12, wherein said compressing 
signal adjustment part comprises: combined signal 
level discriminating means for discriminating the 
level of said distributed combined signal above a 
preset value; a combined signal peak power detec- 
tor responsive to the detection saki signal level 
above said preset value to detect the phase and 
anrplitude of said combined signal; and a control cir- 
cuit for controlling said variable phase shifter and 
said variable amplitude means based on said de- 
tected phase and amplitude of said combined signal 
so that the level of said combined signal goes down 
to below said predetermined value. 

30 

14. The circuit of claim 6 or 7, wherein said compress- 
ing signal generating path further comprises a com- 
pressing signal adjustment part for controlling said 
variable phase shifter and said variable amplitude 

35 means so that the peak-to-average^^ower of said 
combined signal distributed from said power distrib- 
utor goes down below a preset value. 

15. The circuit of claim 14, wherein said^ompresslng 
^ signal adjustment part comprises: peak-to-aver- 
age-power ratio detecting means for detecting the 
peak-to-average-power ratk> of said distributed 
combined signal above a preset value; and acontrol 
circuit responsive to the detection of said peak-to- 

^ average-power ratio of saidcombined-slgnal above 
said preset value to control said variable phase 
shifter and said variable amplttude means so that 
said detected peak-to-average-power ratio goes 
down below said preset value. 

so 

IS. The circuit of any one of claims^, 3, 4, 8 and 9, 
wherein said frequency converter frequency-con- 
verts said low-frequency signal to a frequency band 
different from that of saki input signal. 

55 

17. The circuit of any one of claims 2, 3. 4, 8 and 9, 
wherein -said frequency converter frequency^on- 
verts said k>w-f requency signal to the ^anie fre- 
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quency band as that of said input signal. 

18. A power amplifying circuit which uses said signal 
power dynamic range compressing circuit of any 
one of claims 2, 3, 4, 8 and 9 and comprises said 5 
signal power dynamic range compressing circuit 
and a power amplifier connected to the output of 
said power combiner. 

1 9. The power amplifying circuit of claim 1 8, which fur-. io 
ther comprises compressing signal cancel means 
connected to the output side of said power amplifier 

for canceling said compressing signal. 




637 A2 24 

pressing signal, and variable amplitude mear^ for 
adjusting the amplitude of said phase-adjusted 
compressing signal and for applying said ampli- 
tude-adjusted <:ompressing signal to «aid power 
combiner/distributor, said power amplifying circuit 
further comprising a combined signal control circuit 
for detecting the peak-to-average-power ratio of the 
output signal from said power amplifying circuit dis- 
tributed by said power combiner/distributor and for 
controlling said variable phase shifter and said var- 
iable amplitude means so that said detected value 
of said peak-to-average-power ratio does not ex- 
ceed a predetennlned value. 



20. The power amplifying circuit of claim 19, wherein is 
said compressing signal cancel means is a filter. 

21. The power amplifying circuit of claim 19, wherein 
said compressing signal cancel means comprises: 

a directional coupler inserted between said conv ^ 
pressing signal generating path and said power 
combiner, for providing said compressing signal to 
said power combiner connected to one output ter- 
minal of said directional coupler itself and for dis- 
tributing said compressing signal to the other output 2s 
terminal; a combined signal generator for generat- 
ing, based on said compressing signal fed from said 
other output terminal of said directional coupler, a 
combined signal nearly 1 80^ out of phase with said 
compressing signal; and a power combiner/distrib- 30 
utor for combining said combined signal and the 
output from said power amplifier to provide the out- 
put from said power amplifying circuit. 



22. The power amplifying circuit of claim 21, wherein ss 
said combined signal generator comprises a phase 
inverter for inverting the phase of said distributed 
compressing signal, a variable phase shifter for ad- 
justing the phase value of said phase-Inverted com- 
pressing signal, and variable amplitude means for 40 
adjusting the amplitude of said phase-adjusted 
compressing signal and for applying said ampli- 
tude-adjusted compressing signal to said power 
combiner/distributor, said power amplifying circuit 
further comprising a combined signal control circuit 
for detecting the peak power of the output signal 
from said power amplifying circuit distributed by 
said power combiner/distributor to detect the phase 
and amplitude of said distributed output signal at 
that time and for controlling said variable phase so 
shifter and said variable amplitude means based on 
said detected phase and amplitude. 



23. The power amplifying circuit of claim 21, wherein 
said combined signal generator comprises a phase 55 
inverter for inverting the phase of said distributed 
compressing signal, a variable phase shifter for ad- 
justing the phase value of said phase-Inverted com- 
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nal below a predetermined value, Is generated from the 
input signal. The compressing signal is combined by a 
power combiner with the input signal having passed 
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